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Abstract 
In recent years premature deterioration of concrete structures due to salt damage has become a 
serious social problem. Repair and strengthening in order to improve the durability of these 
structures has become critical. Therefore ultra high performance concrete (UHPFC) properties 
in terms of durability and strength are fully exploited in rehabilitation and strengthening.  This 
study was performed to evaluate the bond strength between UHPFC and Normal Concrete (NC) 
substrate; Slant shear tests were performed to quantify the bond strength in shear, split tests 
conducted to evaluate the bond strength in indirect tension. The results showed that UHPFC has 
excellent interlocking with the surface of NC substrate, and then gives bond strength greater 
than the strength of NC substrate. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
Department of Civil Engineering, Sebelas Maret University  
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1. Introduction 
The uniqueness of ultra-high performance fiber concrete (UHPFC) is its extremely 
low porosity gives its low permeability and high durability, making it potentially 
suitable for rehabilitation and retrofitting reinforced concrete structures (RCS) or for use 
as a new construction material (Alaee 2003a) - (Farhat 2010). 
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The extremely low permeability of UHPFC related with their outstanding 
mechanical properties make the main idea is to use (UHPFC) to rehabilitate and 
strength the zones where the structure is exposed to high mechanical loading and severe 
environmental. All other parts of the structures remain in normal structural concrete as 
these parts are subjected to relatively reasonable exposure. This conceptual idea 
combines greatly improves the structural performance in terms of durability and life-
cycle costs of the rehabilitated concrete structures and efficiently protection and 
resistance properties of UHPFC and  
In the field of rehabilitation and strengthening the bond strength between the new 
and old concrete generally presents a weak link in the repaired structures (Wall 1988) 
and (Momayez 2005). Good bond is one of the main requirements for successful repair 
(Gorst 2003) and (Mu 2002). UHPFC could be used as a repair materials as it has strong 
mechanical bond is formed between the UHPFC as an overlay material  and the 
substrate material (Sarkar 2010) and (Harris 2011).  
The main purpose of this paper to assess the bond strength between normal concrete 
(NC) which is the substrate and UHPFC as the repair material using slant shear test and 
split test to quantify the bond strength in shear and indirect tension, respectively. 
2. Experimental Programme 
2.1. Normal concrete substrate and UHPFC properties 
The mixing design of NC used in this study ensures average compressive strengths 
45 MPa at 28 days. The NC used contains Type-I ordinary Portland cement, river sand 
with fineness modulus of 2.4, coarse aggregate (granite) with a maximum size of 
12.5mm, a water-to-cement ratio of 0.5 and a slump value between 150-180 mm.  The 
mix proportion of the NC substrate is presented in Table 1. The control specimens used 
consists of (i) 100mm diameter by 200mm high cylinder for the split indirect tensile 
strength test and (ii) 100mm x 100mm x 300mm tall prism for uniaxial compression 
strength test. The NC was tested for 28 days strength and experimental results showed 
the NC has an average split tensile strength and tall prism compression strength of 2.75 
MPa and 38MPa respectively. 
Table 1. NC substrate mix design 
Item Mass(kg/m3) Remark 
OPC 400 Type I 
Coarse Aggregate 930 Max 12.5mm 
Fine Aggregate 873 F.M. = 2.4 
Water 200  
Superplasticizer 4 PCE based 
W/C Ratio 0.5  
The mix design of UHPFC used as a repair material contains Type-I ordinary 
Portland cement, densified silica fume, well graded sieved and dried mining sand, very 
high strength micro-steel fiber and polycarboxylate ether based (PCE) superplasticizer. 
The steel fiber used has a fiber length and fiber diameter of 10mm and 0.2mm, 
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respectively, and the steel fiber has ultimate tensile strength of 2500 MPa. The UHPFC 
used has achieved an average 28 days cube compressive strength of MPa170cuf . 
The mix design of the UHPFC is presented in Table 2. 
Table 2. UHPFC mix design  
Item Mass(kg/m3) 
OPC 768 
Silica Fume 192 
Sieved Sand 1140 
Micro-Steel Fiber 157 
Superplasticizer 40 
Free Water 144 
W/C Ratio 0.188 
W/B Ratio 0.15 
2.2.    Specimens Preparation 
Each of the tested specimen comprised of two different materials, being the NC as a 
substrate and UHPFC as a repair material. The fresh NC was sealed and left to set in its 
moulds for 24 hours after casting. After 24 hours the NC specimens were demoulded 
and were cleaned and cured for another two days in a water curing tank. At the age of 
three days, the NC substrate specimens were taken out from the water tank for surface 
preparation. In this study, the experimental parameter is the surface texture of the 
substrate. Five different types of surface were prepared, that is (i) as cast without 
roughening (AC), (ii) sand blasting (SB), (iii) wire brushing (WB), (iv) drill holes (DR) 
and (v) grooves (GR).  
 
GR       SB       WB     DH      AC 
Figure 1. Slant shear test specimens with the different surface textures 
Figure 1 shows the roughened surfaces of the NC substrate specimens. These 
specimens represent the first half substrate for the slant shear test. Prior to the casting 
the UHPFC onto this roughened NC surfaces, the NC specimens were further cured in a 
water tank until the age of 28 days since the casting date. At the age of 28 days, the NC 
substrate specimens were transported to a curing room (which come with an ambient 
temperature of 26°C ± 2°C and relative humidity of 75%) for duration of two months.  
Before casting the UHPFC, the surfaces of the NC substrate specimens were 
moistening for 10 minutes and wiped dry with a damped cloth. The NC substrate 
specimens were then placed into steel-made moulds with the slant side face upward.  
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Mixing of the UHPFC was carrying out using a pan mixer. The moulds were then filled 
with UHPFC. 
Figure 2 shows the complete composite specimens for the split cylinder strength 
tests and slant shearstrength tests. The composite specimens were steam cured for 48 
hours at a temperature of 90°C. After the steam curing, all the specimens were 
submerged in a water tank for another 14 days before the experimental strength test.  
2.3.   Split tensile test 
Split cylinder indirect-tensile strength test as per the specification of ASTM C496 
(ASTM-C496 1996)was used to investigate the bond strength and bond behaviour 
between the NC substrate and the UHPFC repair material. In this test, the specimens 
used have a diameter of 100mm and longitudinal length of 200mm as shown in Figure 
2a. 
The splitting tensile strength (T) was calculated by the following equation: 
 (1) 
where T is the splitting tensile strength (in MPa); P is the maximum experimental force 
(in kN); and A is the total area of the bonded plane (in mm2) which is taken as 200mm x 
100mm = 20,000mm2. 
The split cylinder tensile strength test results were summarised in Table 4. The 
failure modes generally can be categorised into three types, that is Type A is pure 
interfacial failure; Type B is interfacial failure with partially substrate failure and Type 
C is substratum failure. The test results conclude the bond strength result from UHPFC 
generally was very good, since most failure occurred in the NC substrate. 
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(a) 
 
(b) 
Figure 2. (a) Split cylinder specimen and (b) slant shear test specimens. 
According to Sprinkel and Ozyildirim (Springkel 2000), the interfacial bond 
strength test results may be quantified as Table 3. 
        Table 3. Interfacial bond strength quality (Sprigkel 2000) 
Bond Quality Bond Strength (MPa) 
Excellent  2.1 
Very Good 1.7  2.1 
Good 1.4  1.7 
Fair 0.7  1.4 
Poor 0  0.7 
As shown in Figure 3, all the surfaced prepared specimens fall in the categorised of 
where the average split tensile strength (Tav) was the highest for the 
surface sand blasted specimens. The as cast (AC) surface has the lowest bond strength 
among the test where its average split tensile strength measured was 1.82MPa. 
2.2. Slant shear test 
Slant shear test as per the specification of ASTM C882 (ASTM-C882 1999) was 
used to investigate  the bond strength between NC substrate and UHPFC repair 
material. The UHPFC was casted and bonded to the NC substrate specimens on a slant 
plane inclined angle of 30° from the vertical axis to form a 100mm x 100mm x 300mm 
composite prisms specimens as shown in Figure 2b.  
NC UHPFC 
UHPFC 
NC 
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Table 4. Split tensile strength and failure type of composite NC and UHPFC specimens.
Surface
treatment Sample
Max. Force
P (kN) (MPa)
Average
av(MPa)
S.D.
(MPa)
Failure 
Mode
As cast
AC1 58.23 1.85 1.82
(Very Good)
0.21
[11.42]
A
AC2 63.11 2.01 B
AC3 50.18 1.60 A
Sandblast
SB1 115.63 3.68 3.68
(Excellent)
0.24
[6.64]
C
SB2 107.92 3.44 C
SB3 123.26 3.93 C
Wire brush
WB1 96.64 3.08 2.77
(Excellent)
0.37
[13.37]
C
WB2 74.05 2.36 C
WB3 90.07 2.87 C
Grooved 
GR1 96.92 3.09 3.11
(Excellent)
0.34
[11.00]
C
GR2 108.73 3.46 C
GR3 87.29 2.78 C
Drill holes
DH1 74.19 2.36 2.50
(Excellent)
0.27
[10.81]
B
DH2 88.13 2.81 C
DH3 72.82 2.32 B
b =Splitting tensile strength; S.D. = standard deviation; [ ] = Coefficient of variation
A = Pure interface
failure
B = Interface failure with partially substrate
failure C = Substratum failure
Figure 3. Average split tensile strength values (Tav) for each type of substrate surface.
Where the interface is subjected to the shear stress or the combination of shear stress
and compression forces, the slant shear test is the most appropriate test for such bond
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assessments. Over the year, this test method has become the most widely accepted 
method and has been adopted by a number of international codes. The bond strength for 
the slant shear strength was calculated by dividing the maximum load at by the bond 
area which can be expressed as: 
S = P / AL (2) 
Where S is the bond strength (in MPa); P is the maximum force recorded (in kN) 
and AL is the area of the slant surface (in mm2). In this case the slant surface area is 
taken as 100 x 100 /sin 30  = 20,000mm2. 
The experimental slant shear strength test results were presented in Table 5. The 
failure modes for the slant shear specimens can be categorised into four types, that Type 
A is the interfacial bond failure; Type B is the interfacial failure and substrate cracks or 
small parts broken; Type C is the interfacial failure and substrate fracture and Type D is 
the substratum failure. As shown in Figure 4, the average slant shear test was the 
highest in the surface sand blasted substrate (i.e. Sav = 17.74 MPa). 
Table 5. Slant shear strength and failure type of composite NC and UHPFC specimens 
Surface 
treatment Sample 
Max. Force 
(kN) 
Comp. stress 
C (MPa) 
Shear Stress 
S (MPa) 
Average 
Sav (MPa) 
S.D. 
(MPa) 
Failure 
Mode 
As cast 
AC1 170.22 17.02 8.51 
8.39 0.78 [9.35] 
B 
AC2 151.10 15.11 7.56 A 
AC3 182.20 18.22 9.11 B 
Grooved 
GR1 286.81 28.68 14.34 
13.63 1.40 [10.31] 
C 
GR2 272.28 27.23 13.61 C 
GR3 258.72 25.87 12.94 C 
Drill 
holes 
DH1 269.47 26.95 13.47 
11.99 2.72 [22.69] 
C 
DH2 234.25 23.43 11.71 C 
DH3 215.91 21.59 10.80 B 
Sandblast 
SB1 331.06 33.11 16.55 
17.74 2.59 [14.57] 
D 
SB2 351.25 35.13 17.56 D 
SB3 382.38 38.24 19.12 D 
Wire 
brush 
WB1 223.48 22.35 11.17 
12.15 1.72 [14.17] 
C 
WB2 256.14 25.61 12.81 C 
WB3 249.27 24.93 12.46 C 
   
(A) 
  
(B) 
  
(C) 
  
(D) 
A= Interface failure, B = Interface failure & substrate cracks , C =  Interface failure & substrate fracture, D = 
Substratum failure. 
The ACI Concrete Repair Guide (Chynoweth 1996).specifies the acceptable bond 
strength for repair work shall within the ranges of6.9  12MPa and 13.8  20.7MPa for 
slant shear strength at test ages 7 and 28 days, respectively. This guideline is 
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particularly useful for the selection of appropriate repair material. Although the tested 
specimens in this study were tested at 14 days after the UHPFC has been steam cured. It
is acceptable to compare the test results against the full bond strength requirement for
28 days of this ACI guideline due to the bond between the NC and UHPFC has been
fully cured from its accelerating steam curing method. Comparison shows only the
substrate with sand blasting surface can meet the ACI requirement.
Figure 4. Average slant shear strength for each type of substrate surface.
3. Discussion of Results
The split cylinder tensile strength test shows the bonding between the NC and the
very good to excellent bond
from (Springkel 2000) regardless the type of the surface preparation. However, the test
result from the slant shear strength test shows only the sandblasting specimens has 
acceptable bond strength where the rest of the four surface preparation methods did not
meet the bond strength requirement of The ACI Concrete Repair Guide (Chynoweth
1996).This contradiction may need further clarification and assessment in term of the 
acceptability of the performance of UHPFC as repair material.
Without much statistical supporting evidence on the bond behaviour and surface
preparation type of the NC substrate and the UHPFC overlay, it is recommended (for
the time being) all the NC substrate surface shall be sand blasted prior-to the overlay of 
the UHPFC as the repair material. Further research shall be carried out to correlate the
results of the split tensile strength test against the slant shear test. Besides, the
acceptability of the bond requirement at 28 days as specified by the ACI guideline
(Chynoweth 1996) shall be re-confirmed.
4. Conclusion
This paper report the experimental results on the bond behaviour between normal
concrete (NC) which is the substrate and UHPFC as the repair material using slant shear 
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test and split test to quantify the bond strength in shear and indirect tension, 
respectively. In the study, the NC and UHPFC used can achieve cube compression 
strength of 45MPa and 170MPa respectively. The experimental parameter was the 
surface texture of the substrate. Five different types of surface were prepared, that is (i) 
as cast without roughening, (ii) sand blasting, (iii) wire brushing, drill holes and groove 
surfaces.  
The following summarised the conclusion drawn from the experimental programme. 
i. The result of the split cylinder tensile strength test shows UHPFC overlays 
excellent bond quality
the quantitative requirement of (Chynoweth 1996).  
ii. Most of the failure mode in the split cylinder tensile strength test was through the 
NC substrate specimen which indicated the bond strength between UHPFC and 
NC substrate is stronger than the cracking strength of the NC. 
iii. The results of slant shear strength test show that the bond strength was very strong 
and tough since the interface failure occurred after the damage in the NC 
substrate. In some cases, the failure occurred only in the NC substrate and no 
separation between the NC substrate and the UHPFC which indicates that superior 
bond behavior of UHPFC. 
iv. The bond strength between the UHPFC and substrate depends on the surface 
treatment of the substrate, as the surface treatment increases the bond strength 
increases. In this test, the highest bond strength achieved for the sand blasted 
surface. 
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